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INTRODUCTION 
The area of d inuc lea t ing l i gands capable of 
forming homo and he te ro d inuclear conplexes i s of g r e a t 
i n t e r e s t because of a v a r i e t y of reasons ''. F i r s t , 
they serve as models for m e t a l l o p r o t e i n s such as supercocLde 
dismutase, oxidases and p e p t i d a s e s . The d inuc lea r copper 
conta in ing complexes a t t r a c t a g r e a t deal because of two 
copper cen t e r s in the ac t ive s i t e of copper p r o t e i n s l i k e 
hemocyanin which t r a n s p o r t s oxygen and the monooxygenase 
ty ros inase and dopammine ^-hydroxylase vAiich i n c o r p o r a t e s 
oxygen i n t o organic s u b s t r a t e s . Thi rd , d inuc lea r conplexes 
can be exp lo i t ed as bifxinctional c a t a l y s t s as shown by 
Mckenzie for dipal ladium complexes i n the hydra t ion of 
a c e t o n i t r i l e . They observed a pathway involv ing concerted 
ac t ion of the two metals c e n t e r s . To the b e s t of 
our knowledge only Carroy and Lehn have r epor t ed d i n u c l e a r 
complexes of c y c l l : l igands t h a t conta in both a t r a n s i t i o n 
metal ion and non- t ra i^s i t ion metal ion(Li , Ba "*", Al-^ "*"). 
Evidence supports genuine b i m e t a l l i c pathway in which two 
metal cen te r s ac t in concert . The r e s u l t s help us to 
demonstrate, for the f i r s t t ime , t h a t following t h r e e basjc 
requirements for c a t a l y s i s of condensat ion p roces ses a t 
Dimetal l ic s i t e s can te met: 
i ) The s i t e may accomodate two separate potent ial 
r e a c t a n t s in close proximity, 
i i ) Dond formation between the two can occur and 
l i i ) the newly fonned bridging species can be 
released so that cycle can be repeated, 
-f n*^  The macrobicyclic molecules such as Rh—Co, M C 
are heteroditopic l igands, combining a soft and a hard 
binding subunit which forms l a t e r a l dinuclear c ryp ta tes 
5 
with specific features > whether homometallic or he t e ro -
metallic the two cations will differ in number of free 
coordination s i t e s and redox proper t ies , A sof t , redox 
active s i te may be combined with hard Lewis acid cent re . 
The heterobimetallic complexes, Au Tl(CH2P(S)Ph2)2 
and Au2Pb(CH2P(S)Ph2) r were obtained from the reac t ions 
of PPN[AuCH2P(S)Ph2J2 ^i'th "^2^^ ^^ Pb(N0,)2 respectively^. 
Magnetic in teract ions between chromium(IIl) and n i cke l ( I I l ) 
7 ions have also been studied in octahedral surroundings . 
Besides these, a number of heterodinucleating l igands 
have been synthesised by Ba tenplated (1:1) macrocycli-
zation of dialdehydes v/ith diamines. The ligands have 
both a cavity suitable for complexation of transition-metal 
cations and a cavity for complexation of a l ka l i , a lka l ine 
earth metal cations. 
The resul t ing barium complexes could be converted 
into heterodinuclear complex upon reaction with n icke l , 
copper or zinc acetate . 
0 0 0 o' 
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The b inuc lea t ing l i s a n d s , C2S2NH(CH2)SCH2CH2(0H)2 
derived from dithiooxamido were syn thes i sed as vrell as 
the r e l a t e d copper( I I ) and N i c k e l ( I I ) t r i n u c l e a r s p e c i e s , 
MpM'(C232W(CH2)^SCH2CH20H)2 where M = Cu, M'=Ni were 
9—10 
repor ted . The magnetic and E.P.R. p r o p e r t i e s were 
i n v e s t i g a t e d and revealed a s t ronp an t i fe r romagne t ic 
i n t e r a c t i o n between the nea re s t neighbour, copper ( I I ) 
ions v/ith a douolet 'ground s t a t e . N icke l ( I I ) ion i s 
diamagnetic and terminal Cu I I ions are paramagnetic 
with essent ia l ly non-interact ing S=1 s t a t e . 
Reaction of the binuclear samples [Cup(PAP)OHCl,] 
1.5 HpO (PAP=1,4-di(2'-pyTidyl) amine phthalazine which 
has a hydroxide bridge, a chloride bridge and a diazine 
bridge, vdth various anions in water and buffered(pH 6.86) 
solutions leads mainly to the formation of spin coupled 
complexes with room temper^tiare magnetic moments <1.5 B.M. 
1 1 Very low magnetic moments (M<1.2 Wi) are observed for 
these double bridged complexes suggesting f a i r l y strong 
antiferromagnetic exchange with a s ingle t ground s t a t e . 
Role of metal chelation in the biological system 
is well recognised. I t has been established tha t copper 
ion chelation plays a specific role in the an t ineoplas t ic 
act ivi ty of 5-ethoxy-2-oxobutyraldehyde bis(thiosemicarbazone) 
In fact, copper(II) conmlexes of subst i tuted thiosemicar-
12 
eoiies tnd copper(ll) and iron complexes of '?-substituted 
2-foriHylpyridine and 1-forinylisoquinoline t h i o semi ca r ba-
1 ^ 
zones have been found to be c y t o t o x i c t o the tumour c e l l s 
both i nv io and i n v i t r o . P la t inum, i r o n , copper, palladium 
and zinc complexes of 2-formyl p y r i d i n e th iosemicarbazone 
have been proved to be s i g n i f i c a n t antitumour agen t s against 
14 Ehrl ich a s c i t e s carcinoma and L^pin L^^-^^^m^ i ^ mice 
The a n t i tumour a c t i v i t y of a s e r i e s of complexes of the 
type R2SnX2L2 modelled as ac t ive p la t inum compounds, has 
15 been s tud ied . Many of these complexes show r e p r o d u c i b l e 
a c t i v i t y towards P388 Lymphocytic Leiikaemia i n mice, 
16 Analogous inorganic t i n complexes have a l s o been InvestigatEd. 
I n v e s t i g a t i o n s of organot in( IV) compounds as 
an t icancer drug date from 1929 t o 1980, Nat ional Cancer 
I n s t i t u t e ( N . C . I . ) , USA t e s t e d 1434 t i n compounds, 170 of 
17 
which were found to be ac t ive . I n t e n s i v e a p p l i c a t i o n 
of such analogous compounds prompted many i n v e s t i g a t o r s 
to take L?) a study of such compounds. The most widely used 
i s c i s - p l a t i n , P tCNH,)^^^ ' The l a b i l i t y of ch lo r ide ions 
in c i s - p l a t i n makes i t r eac t ive towards guanine and urBcH 
1ft—1Q in ENA/RNA bases . The r ecen t i n v e s t i g a t i o n pertaining 
to the s t ruc tu re a c t i v i t y r e l a t i o n s h i p and i n t e r s t r a n d 
l i nk ing of c i s - p l a t i n with ENA/RNA bases p:rompted us 
to study Cu(ppn)p3n2Cl, containing two l a b i l e d i l o r o groups 
on e i t h e r s ides which resembles c i s - p l a t i n . The s i g n i f i -
cance of the choice of t h i s compound i s two fo ld , i t 
contains a n o n - t r a n s i t i o n metal which i s more e f f e c t i v e 
-nc bears non-toxic res idues . Second, the complex contains 
Cu "*" ion in the cen t re which has been shown t o combine 
with caeruloplasmin inducing the absorp t ion of i r o n i n 
the body. I t may, t h e r e f o r e , a l s o a c t as a remedy fo r 
anaemia. 
7 
PRESENT WORK 
Hete rob imeta l l i c che la t e of groi:5)(IV) metal 
chlor ide [Cu(ppn)2^2^14] "wi'th bis-1,3rpropanedi .amine] 
Cu(Il) vdiere ppn=propanediamine, M=G€, Sn, Zr, have 
been synthesized and c h a r a c t e r i s e d by elemental, analysis, 
magnetic moment, IR, UV-Visible spect roscopy and 
conductance measurements. 
I n t e r a c t i o n of [Cu(ppn);>Sn2Cl-] with guanine 
and u r a c i l (ENA/RNA base) i n d i c a t e d the replacement of 
l a b i l e ch lor ine by them vdiich has been followed s p e c t r o -
photometrically. Since [Cu(ppn)2Sn2Cl, ] i s analLogous t o 
c is [Pt (NH,)2Cl2] ' which i s i n t e n s i v e l y used i n the 
t reatment of a v a r i e t y of tumours, i t i s specu la t ed that 
i t woiild a l so be e f fec t ive a g a i n s t tiamour c e l l s . 
8 
EXPERIMENTAL 
1,3(propane diamine) (Koch L i g h t ) , CuClpCB. D.H.) 
SnCl , , ZrCl^(CH,)2SnCl2(Fluka), guanine(Merck) smd u r a c i l 
(C'H'Bocheinges) were used as such. The FT IR s p e c t r a 
(AOO-AOOO cm'" ) were recorded on Perkin Elmer 240 FT IR 
as Kar disc and nujol mull. The NMR s p e c t r a wsire r ecorded 
on Varian A60D instrument in IMSOd^. The UV-Vis s p e c t r a 
were recorded on spec t ronic 21 spect rophotometer . The 
conduct iv i ty measurements were done on El ico c o n d u c t i v i t y 
bridge type CM-82T i n EtOH. The e s t ima t ion of c h l o r i n e 
were ca r r i ed out by usual g rav imet r ic method. 
Synthesis of the Llgand 
Bis(1-3 propane diamine) Cu( l l ) ch lor ide was 
prepared by ref luxing a mixture of cupr ic c h l o r i d e ( 0 , 0 1 ao l , 
1.71 g) and 1.3 propane diamine (0 .02 mol 1.58 g) i n 50 ml 
ethanol for 1 h r . Blue c r y s t a l s were sepa ra ted ou t on 
standing the l i q u i d fo r 12 h r s a t room teraperatiure. I t 
was r e c r y s t a l l i s e d from ethanol and d r i ed in vacuo. 
Synthesis of complex 
A hot e thano l i c so lu t i on (20 ml) of b i s -
(1-5 propane-diamine) Cu(Il) ch lo r ide (0.01 m, 2.82 g) was 
treated with (0.02 mol, 5.21 g) group IV metal chlorides 
or diethyl tin chloride. The blue colour of the solution 
turns yellowish green which gives fine crystals on 
standing overnight at 25"C. It washed with ethanol and 
dried in vacuo. 
10 
Resijlt and Discussion 
The a n a l y t i c a l data (Table-1) of the l i g a n d 
and complexes conform to the composition [Cu(ppn)2Cl2] 
and [Cu(ppn)2>UCl^] r e s p e c t i v e l y , v^ere M=Ge, Sn, Zr. 
They are s t a b l e to hea t and ox ida t ion by a i r . The 
complexes are fonned by the replacement of aminohydrogen 
by metal which has been confirmed by q u a n t i t a t i v e assay 
of ch lor ine as AgCl. The l i gand i s extremely i o n i c i n 
e thanol which i s evidenced by i t s molar conductance 
measured a t room temperature. I t i s very i n t e r e s t i n g 
to note t h a t i t s complexes with groi:?)IV elements are 
covalent i n na ture i n the same so lvent under the same 
experimental cond i t ions . I t i s be l ieved t h a t f i f ter 
che la t ion the ch lor ide ions i n the l i g a n d , [(Cu(ppn)2)Cl2] 
are removed as HCl with the r e t e n t i o n of conf igura t ion of 
Cu( l l ) render ing the en t i r e complex r(Cu(ppn)2r^l2ClA)] 
covalent . Elemental ana lys i s and iiolar conductance r u l e s 
out the presence of any ionic spec i e s . The mag;netic mcment 
of the complexes was ca lcu la ted a t room temperature by 
22 
Evan's method employing the express ion . 
Ug^^ = 0.0618 ( - ^ X -jf)'^^^ 
where f= o s c i l l a t o r frequency expressed in MHz, T=absolute 
temperature , M= molar i ty of the s o l u t i o n and Af= the 
dif ference in frequency between two reference s i g n a l s . 
The magnetic moment for one free e l e c t r o n i n the l i g a n d 
11 
conta in ing Cu ion has been found to be 1.742H^1 which 
i s exac t ly within the p resc r ibed range. However, a f t e r 
coordinat ion with groupIV metal the M ^^ value goes down 
23-24 
to 1.698 W[ which may be ascr ibed to ant i ferromagnet ism. 
The reduc t ion in the magnetic moment may a l so occiir either 
due to metal-metal i n e r a c t i o n but the s o l i t a r y e l e c t r o n 
on the Cu ion does not permit such i n t e r a c t i o n or i t 
may occur through a br idging group v ia si5)er exchange 
25-26 phenomenon which seems un l ike ly in t h i s case. 
IR Spectra 
The c h a r a c t e r i s t i c C-N frequency of pr imary 
amine l i e s a t 2910 cm"'' and 2850 c m " ' ' . ^ The C-H absorp -
t i o n prominently appearing a t 2938 cm remains unaf fec ted 
even a f t e r c h e l a t i o n . The l i g a n d shows s t r e t c h i n g f requen-
c i e s i n 3200-3500 cm region which may undergo s u b s t a n t i a l 
change a f t e r c h e l a t i o n . I t has been observed t h a t one of 
the xwo peaks a t h igher wavenumber remains u n a l t e r e d Trtdiile 
the second one undergoes an apprec iable negat ive s h i f t as 
a consequence of coordinat ion. The 6N-H in l i g a n d shows 
—I 
a strong peak at 1585 cm followed by a very sharp band 
at 1385 cm . These two bands do not undergo any shift 
after chelation with a group{lY) element. The two bands 
at 1063 and 1026 cm have been assigned to C-C and C-N 
stretching frequencies respectively. The former band is 
replaced by the emergence of a very sharp band at 936 cm 
in the chelate which may be ascribed to the formation of 
12 
Sn-N cova len t bond. A very s i g n i f i c a n t absorp t ion band 
—1 
a t 1463-1491 cm region c h a r a c t e r i s t i c of the coord ina -
t i o n of the l i gand has been observed. 
R e a c t i v i t y of (Cu(ppn)2Sn2Cl^) with ENA/RNA Bases 
The UV Spectrum of the above che la te e r f i i b i t e d 
two sharp absorp t ions a t 270 nm and 340 nm (Fig . 1 ) . When 
i t was t r e a t e d with guanine (ENA base) the re occur red a 
marginal s h i f t towards lower absorp t ion (260 nm) i n d i c a t -
ing the binding of guanine with t i n atom. The f ree guanine 
a t pH-6 shows a peak a t 250 nm the i n t e n s i t y of v^ ich 
diminishes iidien i t rep laces the l a b i l e ch lor ide i o n ( F i g J l ) . 
I t has a l so been exper imenta l ly proved from luminescence 
2+ 
s t u d i e s in the case of ENA i n t e r a c t i o n with Cu i n varying 
28 
r a t i o s of the two components. The r e l a t i v e i n t e n s i t i e s 
of the bands are n e a r l y i d e n t i c a l among the complexes with 
s i m i l a r l igands but markedly d i f f e r e n t between the conplexes 
with d i f f e r e n t l i gands such as u r a c i l which i s RNA bases . 
In 1:2 (Gu:ccripLex)ratao the re i s n e g l i g i b l e decrease 
in the i n t e n s i t y of absorpt ions although a s u b s t a n t i a l 
decrease i s observed in the i n t e n s i t y when 1x1 (Gu;CcnpLLsx)ratiD 
i s taken. This p r o f i l e i n d i c a t e s two independent types of 
binding of guanine to t i n atoms, a phenomenon -that i s w e l l -
known from CNA binding s tud ies involv ing r e l a t i v e l y hydro-
pq -50 phobic i n t e r c a l a t i n g agents such as p ro f l av in . -- '»-^ 
13 
'i^en the same e:xperiment i s carr ied out with 
u rac i l , RNA base, there i s a marked change in emission 
i n t ens i t i e s . The free uraci l has a band a t 26() nm which 
shows a decrease in in tens i ty of t h i s band v*ien added to 
complex in 1;1 r a t i o . I t undergoes further decrease i f 
uracil:complex r a t i o i s 2:1 which indicates the s t a b i l i t y 
of uracil-Sn bond in t h i s r a t i o . I t i s fur ther evidenced 
by Jobs plot(Fig.IV) which ref lec ted the formation of a 
s table complex by subs t i tu t ion of two chloride ions by 
urac i l molecules. 
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I t has been reported tha t c i s - p l a t i n preferen-
t i a l l y attacks guanine residue in DNA and both chloro 
31-33 groups are eventually replaced. 
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In our case the formation of 2:1 (Uracil:Complex) has 
been ascertained by continuous variation method at 260 nm. 
Since the fall in absorbance after the formation of the 
final product is too fast it is believed that the stable 
complex does not dissociate even after ^4 hr. 
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